Our model correlates the ground motions at any point in the spalled zone to the initial acceleration pulse at the ground zero. Interestingly, the model predicts that the ground motion first comes to a stop at a definite radius about the ground zero, and the region expands both outward and inward as time goes on. We believe that this result is closely related to a phenomenon observed at NTS.
I. INTRODUCTION
The ground motion (GM) associated with an underground nuclear explosion is thought to be powerful enough to generate an acoustic wave in the atmosphere. The pattern of the GM, as measured by accelercxneters, varies with 1 the yield of the device, the depth of burial, the distance away from ground zero, and, finally, the type and the composition of the ground medium.
Loosely speaking, the GM can be said to have two components, one regular and one irregular. In the next section, we first discuss the physical considerations which form the basis for modeling the GM. We formulate the GM in terms of a timeand position-dependent acceleration function, which can be specified completely if the initial acceleration pulse at ground zero is known.
In Section III, we analyze when the GMcomes to a stop as a function of distance and time. We arrive at an interesting conclusion that it occurs first at a definite radius about the ground zero, and the region subsequently expands both inward and outward. The result is used to explain a phenomenon observed in several NTS events.
In Section IV, we first calculate the atmospheric overpressure generated by a &function acceleration pulse, in the far field approximation. The result is compared with the one obtained in the piston model . We then proceed to calculate the overpressure due to a general acceleration pulse coming from a point source.
We discuss why the irregular component of the GM does not affect the overpressure in a significant way, thus establish that the model GM can be a good approximation in generating the overpressure in the air. Simply put, our model for the GM consists of a sharp initial acceleration pulse (IAP), followed by a period of free fall, finally ended . with another sharp upward acceleration pulse.
As the subsequent discussion will show, the model enables us to specify the acceleration history at any point once the IAP at ground zero is known.
.
The IAP starts at the arrival of the ground shock originated from the explosion center. We assume that the duration of the IAP does not vary with the slant distance (SD). In the elastic zone this is indeed the case. The amplitude of the IAP, however, is expected to scale down as the SD increases.
In the absence of energy loss, we know that the amplitude of a spherical pressure pulse should be inversely proportional to the radius. One can argue as follows:
Let r be the width of the acceleration pulse, then cr is the thickness of the spherical shell that is set in motion, where c is the sound velocity.
The energy carried by the pulse is then = 4m2(cr)pv2, where p is the density, v the peak velocity, and r the propagation distance. When r remains fixed, the amplitude of the acceleration pulse is proportional to the peak velocity, hence varies as I/r.
In reality, In the spalled zone, the top surface layer, once spalled by the IAP, will be in a free fall state. The duration of the free fall motion at a given SD is in principle related to the amplitude of the IAP. In an idealized picture, the free fall would end when the spalling layer returns to its original position. A sharp acceleration pulse will result from the impact. Since the elasticity of the surface soil or rock is quite low, no significant bouncing will occur after the collision. The collision time is so short-that practically we can approximate the second acceleration pulse by a d-function.
The coefficient of the 6-function is fixed by the condition that the time integral of the pulse should be (nearly) equal to the impact speed.
Following the above discussion, we are now in a position to specify the ground acceleration as a function of time t and distance r, denoted by A( t,r). A schematic drawing to illustrate the geometry is given in Fig. 1 .
It is

The function B(t,r) is then defined as3 (2) B(t,r) =0
t<o ,
B(t,r) = S(r)A(t)
O<t <a, 
B(t,r) =V(r)6(t -~(r)) t > f3(r) ,
and the impact speed is just V(r) = -V(6(r), r) . 
If the IAP A(t) is symmetric about its peak, it is straightforward to
show that V(a,r) and D(a,r) are further related by D(a,r) = l/2W(a,r) .
Equation (11) can be written as The significance of this observation will be discussed in Section IV.
Having presented the idealized description of the GM, we would like to compare it with the real-world observation. We plot a typical acceleration history in Fig. 2(a) and the corresponding velocity history in Fig. 2(b) .
Their typical observed counterparts are shown in Fig. 3(a) and Fig. 3(b) .
Generally speaking, the measured GM exhibits a sharp IAP, followed by an identifiable period of free fall which usually ends with a pronounced acceleration pulse. The duration of the IAP normally remains fairly constant as the slant distance changes. In addition to these regular features, the observed GM displays the irregularity that at one point the free fall is 
In case
there are interruptions such as shown in Fig. 3(a) , the duration of free fall tends to be longer than calculated, but not much.
A(t,r) 
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-V(r) Fig. 2(b) . Model pattern of ground velocity. Fig. 3(a) . A typical measured ground acceleration. Fig. 3(b) . A typical measured ground velocity.
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Another point worth mentioning about the observed GM is that the acceleration pulse at the end of the free fall generally has a damped oscillating tail such as shown in Fig. 3(a As far as we can tell, the interrupting acceleration pulses which occur in the measured GM do not exhibit any systematic spatial or temporal correlations. For the purpose of calculating the overpressure generated by the GM, the net effect of these interrupting pulses contributed from the entire spalled surface is equivalent, in an average sense, to having a lower g value during free fall. So the model can be "fine-tuned" simply by using an "effective" g value if so desired. 
III.
GROUND MOTION PHENOMENOLOGY
A(t' )dt' t-ta(o) = pc[V(t-ta(o)) -V(t-ta(ro))]
The last equality stated that velocities at retarded time t -ta(o) that V(t -ta(ro)) is zero for all overpressure is simply proportional to P(h,t) is the difference between the and t -ta(ro). For large enough r. so
practical t values of interest, the velocity function V(t -ta(o)).
In particular, if A(t) is a &function, then P(h,t) is simply a square pulse with a non-zero value between t -ta(o) and t -ta(ro) and P(h,t) becomes a step function for r. + -.
It is useful and illuminating to work out first the overpressure generated by a &function ground acceleration due to a point source underground.
Since the shock will arrive at the surface at different times for different SD, we write the acceleration function as
A(r,t) = d(t-tg(r))S(r),
13 where t (r) is defined in Eq. (2) and S(r) is the scaling function. Using Eq. 
